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Osteoporosis and Epidemiology of Fractures in Croatia! 
An intemational comparison 
Velimir Matkovic, MD, PhD,* Marija Ciganovic,* Cedomil Tominac,* and Krista Kostial, MD, PhD' 
We examined the epidemiology of osteoporotic fractures in 
Croatia and correlated the results with data from other 
countries. We analyzed annual rates of wrist fractures in the 
large urban community of Zagreb and hip fractures in the 
Republic of Croatia. In addition, we determined mortality 
data and measured metacarpal bone mass In patients with 
hip fractures. There were age and sex differences in the 
incidence of both types of fracture. The incidence of wrist 
fractures is the same as in some Northwestern European 
countries, but the incidence of hip fractures is much lower. 
The mortality after hip fractures is high among the very 
aged, who tend to have less cortical bone per unit volume 
in the metacarpal. Wrist fractures are probably related to 
the rapid early postmenopausal bone loss, which is univer-
sal. Hip fractures, which occur preferentially in patients 
with low bone mass, may be less common in Croatia than 
in northern European countries, because of increased sun 
exposure and absence of vitamin D deficiency and second-
ary hyperparathyroidis m in ths very Gldsrly. 
W ith increases in life expectancy and in the number of 
elderly people, bone loss and fractures are becoming more 
common in Croatia (Yugoslavia), as they are elsewhere (Fig. 
1). Problems associated with bone loss and aging are not 
only medical; there are also social, cultural, and economic 
ramifications that affect the life of a community or a nation. 
In 1970, the number of people in the world aged 60 years 
and above was estimated at 291 mill ion, or 8% of the 
world's population. By the year 2000 this number is ex-
pected to reach 585 mill ion, increasing the proportion of 
old people in the world to 9% (1). As a consequence, we 
should expect an epidemic of bone fractures among the 
elderly. In many countries, most orthopaedic beds are 
occupied by hip fracture patients (2,3), and the total ex-
penses for the community are enormous. A ten-day period 
in the hospital for each such patient in the United States 
would cost about $1 billion a year. 
The scientific study of bone loss and fractures began long 
ago with the classical work of Astley Cooper (4) and was 
continued more than 100 years later by many others (5-10). 
The epidemiologic work of Richmond Smith contributed 
much to the proper understanding of the problem (11-14). 
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We now recognize three main sites of fracture associated 
with bone loss — wrist, spine, and hip (15). The epidemio-
logy of spinal osteoporosis is difficult, because vertebral 
fractures can occur without symptoms (16), but about 8% 
of women wil l be affected by age 80. The incidence of 
wrist fractures starts to rise immediately after the men-
opause with a cumulative prevalence of about 15% by age 
80. Hip fractures tend to occur later with a cumulative 
prevalence of about 6% by age 80 (17). Most reports of hip 
fractures come from northern European countries where 
osteomalacia due to vitamin D deficiency could be a 
contributory factor (18). Preliminary data on hip fracture 
epidemiology in Croatia (19) and a nutritional survey in two 
small regions in Croatia (20) indicate that the incidence of 
those fractures tends to be lower in Croatia, which has a 
higher daily exposure to sunshine than elsewhere in Eu-
rope (21). We extended our study to wrist as well as to hip 
fractures over several years and determined metacarpal 
bone mass in patients with hip fracture. Death rates were 
also recorded. 
Materials and Methods 
Fracture rates 
We recorded forearm fractures over a period of five years 
in an urban population of Zagreb, the capital of Croatia, 
with about one million inhabitants. Fractures of the lower 
end of the radius, with or without the ulna, up to 3 cm 
above the wrist joint (wrist or Colles fracture) were in-
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eluded. Data were obtained from surgical records of out-
patients at six main hospitals in Zagreb. 
Hip fractures and associated mortality data were recorded 
in the Republic of Croatia (part of Yugoslavia, with about 
4.5 million inhabitants) over a four-year period. Hip frac-
tures were defined as fractures of the upper end of the 
femur from the head to the subtrochanteric level. Data 
were obtained from the Institute of Public Health of Croatia 
and were based on centralized inpatient statistics. 
For each fracture case we recorded the age, sex, home 
address, date of accident, site of fracture, and type of 
trauma. Age and sex-specific rates were calculated from 
the corresponding population figures (Census of Popula-
tion of Yugoslavia, 1971) and expressed as fractures per 
10,000 per year for each sex and five-year age groups. 
International comparison was based on available 
publications. 
Bone morphometry 
Metacarpal bone mass was determined in more than 2,000 
normal people living in Croatia (1,023 men and 1,152 
women of different ages) and in 200 patients with hip 
fractures (92 men and 118 women). The number of subjects 
in each five-year age group ranged from about 30 to 100 for 
normal subjects and from 3 to 30 in the fracture cases. 
Hand radiographs (postero-anterior) and morphometric 
measurements were made as described by Barnett and 
Nordin (22). The hands were placed over a film cassette 
containing Sanix 210-420 film (Fotokemika, Zagreb). The 
film was exposed at a distance of 100 cm and processed in 
the standard way. 
At the midpoint ofthe second metacarpal of the left hand, 
external diameter (T) and internal diameter (M) were mea-
sured with a needle-tipped caliper Qohn Bull, British In-
dicators, Ltd) on films placed on a standard viewing box. 
Each caliper reading was rounded to 0.01 mm. From these 
primary measurements, we made the following calcula-
tions: cortical area (CA) given by 7r/4 (PM^), total area (TA) 
given by IT/A P , and the ratio between these areas (CA/TA) 
given by (P-M^)/P, representing cortical bone mass cor-
rected for external bone volume (bone "density") as an 
indicator of osteoporosis (23,24). All measurements were 
conducted by the same observer in a short time (25). The 
differences between the groups were tested by means of 
student's t test. 
Results 
Wrist fractures 
The total number of fractures recorded in Zagreb from 1968 
to 1972 was 6,865. Over two-thirds (4,803) occurred in 
women and one-third (2,062) in men. The distribution of 
fractures according to age, sex, and type of trauma is 
presented in Fig. 2. Over 90% of the fractures were the 
result of moderate trauma according to the Alffram classi-
fication (26). The calculated age-specific fracture rate 
shows a drastic increase in women after the age of 45 but 
very little change in men (Fig. 3). For women, Zagreb has 
almost the same annual wrist fracture rate as Malmo (9), 
Dundee, and Oxford (10) (Table I, Fig. 4). 
Hip fractures 
Hip fractures occurred about 25 years later than wrist 
fractures (Fig. 5). The total number of fractures recorded in 
Croatia during the 1969-1972 period was 3,295 (1,980 in 
women and 1,315 in men). The distribution of fractures 
accordingto age, sex, and type of trauma is presented in 
Fig. 6. The death rate in women was about 30% in the age 
group 75+ (Fig. 7), as was previously found in men (21). 
Most fractures were the result of moderate trauma accord-
ing to the Alffram classification (26). They occurred almost 
exclusively among the elderly, and women outnumbered 
men in all age groups above 55. Patients with hip fractures 
after moderate trauma had smaller values for CA/TA than 
those with hip fractures after severe trauma, indicating that 
the type of trauma is a good factor to discriminate the 
degree of osteopenia (Fig. 8; P<0.001). This condition was 
more pronounced in men because they have a higher bone 
mass at maturity and lose only 10% of their metacarpal 
cortical bone between ages 30 and 80, whereas women 
lose 30% during the same period (21). 
The incidence of hip fractures in women in Croatia fell 
between the very high rates in Northern Europe (10,19,26) 
and Israel (27) and the very low rates in the populations of 
Southeast Asia (28,29) and in the Bantu people (30) (Table 
II, Fig. 9). Data for men presented in Table III and Fig. 10 
indicate the same trend. Women with hip fractures had 
lower metacarpal CA/TA values in almost all age groups 
above 50 than their age-matched controls. The differences 
were statistically significant only for age group 65-69 
(P<0.01)and 75-79 (P<0.001; Fig. 11). Men with fractures 
of the proximal part of the femur had significantly lower 
CA/TA values than their controls in almost all age groups 
(P<0.05-0.001; Fig. 12). 
Discussion 
Our data show an earlier onset in the rise of wrist fractures 
than in hip fractures and a higher incidence of both frac-
tures in women than in men. This is in general agreement 
with studies in other countries. Only two other epidemio-
logic studies in urban communities, one in Sweden (9,26) 
and one in Great Britain (10), analyzed wrist and hip 
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T A B L E I 
International Comparison of Age-specif ic Wrist 
Fracture Rates in Women' 
Increase in the number of hip fractures in women from Croatia over 
decades (data calculated by applying annual fracture rate for the period 
1969-1972 to the previously estimated number of women in 1921, 1953, 
and the expected number of women in the year 2030 (21). 
fracture rates in the same population groups. Hip fractures 
in Croatia show a much lower incidence than in Malmo 
(26) and in Dundee-Oxford (10), while wrist fracture inci-
dence shows no difference, surprisingly. This finding indi-
cates that factors influencing wrist and hip fractures are 
probably not the same. 
Postmenopausal bone loss may be the most important 
factor influencing wrist fracture rates. During the first few 
years after the menopause women undergo a phase of 
rapid cortical bone loss (31), best demonstrated with ar-
tificially induced menopause due to oophorectomy (32). 
This change could be a Critical factor that causes bone 
fragility and leads to fracture. If menopausal bone loss 
occurring at about the same age in all women is the 
dominant reason for the acute rise of wrist fractures, the 
lack of difference in forearm fracture rates between various 
countries would be expected. However, the wrist fracture 
Dundee •+• 
Age Malm6(9) Oxford(IO) Zagreb 
groups 1953-1957 1954-1958 1968-1972 
35-39 3.9 5.6 9.1 
40-44 7.9 12.4 
45-49 12.9 24.4 19.0 
50-54 28.0 38.0 
55-59 56.0 43.8 57.1 
60-64 59.0 59.5 
65-69 69.0 50.6 53.8 
70-74 50.0 51.4 
75-79 58.0 51.4 
75 + 58.0 41.9 
85 -i- 74.2 
*Annual fracture rate per 10,000 
rate in the urban population of Zagreb was about twice as 
high as in two small rural population groups in Croatia 
(20), although there was the same drastic increase in wrist 
fracture at menopause as in the urban populations. Other 
factors such as the soft tissues arround the forearm might 
influence the wrist fracture rate; but further studies are 
necessary. 
In contrast to patients with wrist fractures, those with hip 
fractures tend to have a greater degree of generalized 
osteoporosis than their age-matched controls, in this as 
well as in other studies of peripheral cortical bone (33,35). 
Patients with hip fractures also have a significant degree of 
axial osteoporosis based on spinal height measurements 
(36), x-rays of the spine (37,38) and iliac crest bone biopsy 
(18,33). Bone histology of women with hip fractures in 
England revealed a very high incidence of osteomalacia 
and severe osteoporosis with evidence of secondary hyper-
parathyroidism (18). Plasma levels of 25-hydroxy vitamin D 
were significantly reduced, which would indicate vitamin 
D deficiency more from inadequate exposure to the sun 
than from low dietary intake of vitamin D (39,40). Some 
years ago, Richmond Smith and his co-workers proposed 
the same explanation for the low serum antirachitic activity 
found in patients with spinal osteoporosis living in Michi-
gan (41). Vitamin D stimulates muscle metabolism (42), 
and the proximal myopathy of vitamin D deficiency (43) 
could increase the risk of falls in the elderly (44,45), an 
additional factor in the etiology of hip fractures besides 
bone mass. 
The occurrence of hip fractures in Croatia probably reflects 
the normal process of bone loss with age. The rate in 
women starts to rise 25 years after the increase in wrist 
fractures, compared with the 15-year time interval in Swe-
l l s 
Osteoporosis in Croatia 
800' 
700-
600 
iP, 
^ 500-1 
ID 
< 
or 
o 
o 
4 0 0 -
300 
200 
100 -
MODERATE TRAUMA 
W O M E N 
M E N 
SEVERE TRAUMA 
I 1 WOMEN 
M E N 
5 - 15 - 2 5 - 3 5 - A5 - 5 5 - 6 5 - 7 5 - 8 5 * 
AGE 
Fig. 2 
Distribution of wrist fractures according to age, sex, and type of trauma in Zagreb (1968-1972). 
den (9), which has the highest fracture rate in Europe. In 
Croatia, with a high average daily sun exposure (21), 
vitamin D deficiency is a negligible factor in the etiology of 
fractures. This partially explains the much lower fracture 
rate in Croatia than in Sweden or Great Britain, but other 
factors influence bone mass and fracture incidence (21,26, 
46,47). Of these, dietary calcium intake (20) and the ge-
netic influence on bone mass at maturity (29,48-51) are 
probably the most important. 
We found a high mortality rate after hip fractures. Our data, 
based on population statistics, are more reliable than pre-
viously published data based on inpatient hospital statistics 
(52,53). They indicate that osteoporosis in the elderly is a 
serious problem not only in morbidity but also in mortality. 
Epidemiologic population studies are difficult to perform 
and interpret, but only comparative international studies 
are likely to make new, important contributions to the 
problem of bone loss and fractures (54). This is the most 
adequate approach to studying diseases of multifactorial 
origin, as Richmond Smith demonstrated for osteoporosis 
and fractures a long time ago (55). 
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TABLE !l 
International Comparison of Age-specif ic Hip Fracture Rates in Women* 
Age 
groups 
Hol land(19) 
1970 
Sweden (26) 
Malmo 
1951-1960 
Great Bri tain(10) 
Dundee Oxford(10) 
1954-1958 1954-1958 
lsrael(27) 
Jerusalem 
1957-1966 
Sinqa-
pore(28) 
1955-1962 
Hong-
Kong (29) 
1965-1967 
S. Atr ika 
Johannesburg 
Bantu (30) 
1957-1963 
Yugoslavia 
Croat ia 
1969-1972 
35-39 0,1 0.2 1.2 0,1 0,1 0,1 0,2 
40-44 0.7 0.8 1,6 0,2 0,3 0.4 
45-49 1.6 2,2 2,0 0,1 1.1 0,1 0.5 
50-54 2.6 5,1 4.5 0.6 1.5 0,4 1.7 
55-59 5-4 8-0 8.4 8.8 8.3 1,6 3.0 1,2 2.9 
60-64 9 3 15.0 13.3 3.8 3,7 1.7 4,7 
65-69 13.7 29.0 24.3 5.6 7,7 1.2 6.6 
70-74 26.0 49.1 34.7 8.9 13.9 1,6 13.4 
75 + 71.0 113.0 88.0 73.9 92.2 19.0 40.8 6,0 24.8 
*Annual fracture rate per 10,000 
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Fig. 9 
International comparison of age-specific hip fracture rates in women. 
Fig. 10 
International comparison of age-specific hip fracture rates in men. 
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TABLE III 
International Comparison of the Age-specific Hip Fracture Rates in Men* 
Sweden (26) 
Age Holland(19) Malmo 
groups 1970 1951-1960 
Great Britain(IO) lsrael(27) Sinqa-
Dundee Oxford (10) Jerusalem pore(28) 
1954-1958 1954-1958 1957-1966 1955-1962 
Honq-
Kong(29) 
1965-1967 
S. Afrika 
Johannesburg 
Bantu (30) 
1957-1963 
Yugoslavia 
Croatia 
1969-1972 
35-39 1.0 0,9 1.0 0.6 0.3 0.2 0.9 
40-44 1.6 1-2 2.3 0,4 0.3 1,2 
45-49 2-3 1-5 1,8 1.2 0,9 0.3 1.6 
50-54 3-1 2-3 2.9 1.7 1.5 0.6 2,7 
55-59 3-9 4-5 5.3 5.7 3,2 3.3 1,8 1.0 3.8 
60-64 5-6 6-7 4.8 6.2 5,7 1,4 5.0 
65-69 7-3 10.4 16.9 7.4 3,5 2.7 6,5 
70-74 12.7 25.7 18.4 15.3 15,6 0.8 9.0 
75-1- 32.0 45.0 35.7 30.1 58.1 35.0 37.6 5.0 16.4 
*Annual fracture rate per 10,000 
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Fig. 11 Fig. 12 
Metacarpal cortical/total area ratio (MCA/MTA) of women with hip Metacarpal cortical/total area ratio (MCA/MTA) of men with hip frac-
fractures in relation to controls. tures in relation to controls. 
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